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ABSTRACT 

The  response  of  one  of  the  two  bolted  steel  tanks  and  three  of  the  four  welded  steel 
tanks  which  remained  substantially  undamaged  In  Operation  Upshot-Knothole,  Project 
3.26.1,  was  studied  for  the  purpose  of  obtaining  some  information  on  modes  of  failure 
of  filled  small  petroleum-produo ts  storage  tanks.  No  satisfactory  experience  or  proved 
analytical  methods  exist  for  establishing  the  plastlo  response  of  filled  or  partially  filled 
tanks.  The  tanks  were  looated  at  ranges  of  1,200,  1,360,  1,600,  and  2,100  feet  from 
Shot  12  In  an  effort  to  obtain  damage  to  tank  shells  ranging  from  light  to  severe — three 
tanks  being  positioned  to  obtain  severe  or  at  least  moderate  damage.  The  first  three 
tanks  suffered  gradations  of  severe  damage;  the  most  remote  tank  was  overturned  but 
not  ruptured.  The  objectives  of  this  test,  as  they  were  ultimately  delineated,  were  met 
as  well  as  oould  be  expected  in  any  single  ad  hoc  test  and  more  useful  data  were  obtained 
than  expected.  Although  a  paucity  of  data  on  response  of  large  tanks  still  exists,  there 


are  now  available  the  observed  results  of  a  limited  response  test  of  small  filled  tanks. 


SECRET 


FOREWORD 


This  report  presents  the  final  results  of  one  of  the  66  projeots  comprising  the 
Military  Effects  Program  of  Operation  Teapot,  whloh  included  14  test  detonations  at 
the  Nevada  Test  Site  in  1965. 

For  overall  Teapot  milltary-effeots  Information,  the  reader  is  referred  to  "Sum¬ 
mary  Report  of  the  Teohnloal  Director,  Military  Effeots  Program,  "  WT-1153,  whloh 
Includes  the  following:  (1)  a  description  of  eaoh  detonation  Including  yield,  zero-point 
location  and  environment,  type  of  devloe,  ambient  atmospherlo  conditions,  eto.j  (2)  a 
discussion  of  projeot  results;  (3)  a  summary  of  the  objectives  and  results  of  eaoh  pro¬ 
ject;  and  (4)  a  listing  of  projeot  reports  for  the  Military  Effeots  Program. 


PREFACE 

The  projeot  described  In  this  report  was  planned  and  designed  by  the  Physical  Vul¬ 
nerability  Division  of  the  Directorate  of  Intelligence,  Headquarters,  USAF,  with  assist¬ 
ance  from  Armour  Researoh  Foundation,  Chicago,  Illinois.  The  responsibility  for  the 
Field  Test  phase  of  the  projeot  was  assumed  by  Wright  Air  Development  Center  In  con¬ 
nection  with  other  Air  Foroe  Structures  projeots.  The  author  wishes  to  acknowledge 
particularly  the  principal  contributors  to  this  report;  namely.  Dr.  F.  Genevese,  W.  Hlner, 
C.  Walker  and  S.  White  of  the  Directorate  of  Intelligence,  Headquarters,  USAF,  who, 
because  of  the  ad  hoc  nature  of  the  test,  are  best  qualified  to  assess  the  results  in  terms 
of  target  application. 
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Chapter  I 

OBJECTIVES 


The  original  objectives  advanced  at  the  inoeption  of  this  project  were:  (1)  to  obtain 
modes  of  failure  for  the  types  of  petroleum-products  storage  tanks  tested,  under  the 
conditions  tested;  (2)  to  utilize  observed  results  as  a  source  of  ad  hoo  data  for  the  size 
of  tanks  tested;  and  (3)  to  correlate  observed  results  with  analytical  procedures  for  pre¬ 
diction  of  damage  to  tanks  of  all  sizes  if  such  procedures  are  successfully  developed. 
Moreover,  it  was  anticipated  that  whatever  degree  of  suooess  was  obtained  in  this  test 
would  be  reflected  in  target  analysis  techniques  of  the  Air  Foroe. 

Concurrent  with  the  establishment  of  this  full-scale  test  requirement  in  Operation 
Teapot,  several  analytical  studies  were  underway  attempting  to  predlot  failure  of  various 
types  of  storage  tanks  under  conditions  of  blast  loading.  Most  of  these  studies  were 
completed  following  formulation  of  the  aforementioned  objectives.  These  findings  led 
to  the  conclusion  that  the  ohlef  value  of  this  test  would  be  in  providing  ad  hoo  data  on  the 
mode  of  failure  of  filled,  small  tanks.  For  this  reason,  the  objectives  of  the  test  were 
delineated  more  speolfioally  as  follows:  (1)  to  obtain  data  on  the  extent  of  failure  of  filled, 
small  petroleum-products  storage  tanks  of  the  types  tested,  in  pressure  regions  where 
damage  is  sufficient  to  satisfy  offensive  planning;  (2)  to  determine  from  inspection  in 
what  pressure  regions  such  tanks  would  fail  by  shell  rupture  directly  rather  than  by 
rigid-body  motion;  (3)  to  determine  in  what  pressure  regions  such  tanks  would  slide, 
possibly  overturn  and  rupture;  (4)  to  ascertain  in  what  pressure  regions  such  tanks  would 
slide  without  overturning  or  rupturing,  but  with  sufficient  force  to  break  pipe  connections 
and  thereby  cause  loss  of  contents;  and  (5)  to  correlate  observed  results  with  analytical 
procedures  for  prediction  of  damage  to  tanks  of  all  sizeB — if  and  when  such  procedures 
are  developed. 

In  order  to  accomplish  these  objectives,  four  tanks  available  from  Operation  Upshot- 
Knothole,  Project  3.26.1,  (Reference  1),  were  relocated  at  various  ranges  and  filled  to 
80-percent  capacity  with  water.  No  motion-picture  photography  or  Instrumentation  was 
to  be  provided,  since  a  simple  and  inexpensive  test  was  desired.  Limited  information 
was  expected  from  the  test.  No  roofs  were  provided  for  the  three  tanks  of  welded  con¬ 
struction,  in  keeping  with  the  simplicity  and  economy  of  this  project.  The  fourth  tank, 
of  bolted  construction,’  was  complete  with  the  original  Upshot-Knothole  roof. 
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Chapter  2 

BACKGROUND  AND  THEORY 


2.1  GENERAL 

Up  to  the  present,  no  satisfactory  experience  or  proved  analytical  methods  exist 
for  establishing  the  plastio  response  of  filled  or  partially  filled  petroleum-products 
storage  tanks.  The  specific  test  data  desired  here  were  not  obtained  in  Upshot-Knothole. 
Moreover,  records  of  observed  damage  to  storage  tanks  from  industrial  explosions  and 
windstorms  do  not  permit  prediction  of  plastic  response  of  full  or  partially  filled  tanks 
subjected  to  atomlo  blast.  Hence,  reliable  prediction  of  plastio  response  of  petroleum- 
products  storage  tanks  depends  largely  upon  the  successful  completion  of  full-soale  in¬ 
vestigations.  While  it  was  realized  that  the  observed  response  of  the  types  of  tanks 
tested  could  not  be  used  direotly  to  guide  analytical  procedures  for  predicting  damage 
to  tanks  of  other  types  and  sizes,  it  was  believed  worthwhile  to  attempt  to  obtain  some 
useful  ad  hoc  data  by  re-exposing  the  four  available  tanks  to  blast  forces  arising  under 
full-scale  test  conditions . 

Knowledge  of  factors  governing  rigid-body  motion  of  small  storage  tanks  is  admit¬ 
tedly  limited.  No  data  exist  for  the  static  or  kinetic  coefficient  of  friction  of  steel  upon 
Nevada  desert  soil.  There  is  very  little  knowledge  of  the  proper  drag  coefficients  to 
use  for  small  storage  tanks  exposed  to  precursor  type  loadings.  Variation  by  a  factor 
of  two  in  the  drag  coefficient  could  effect  large  changes  in  displacement.  Nevertheless , 
this  type  of  response  was  the  only  one  upon  which  pretest  analysis  could  be  based. 


2.2  DAMAGE  CRITERIA 

The  minimum  damage  objective  for  petroleun  storage  tanks  usually  is  to  cause  loss 
of  contents.  Hence,  damage  to  petroleum  storage  tanks  can  be  measured  by  the  amount 
of  structural  failure  of  walls  and  wall-to-base  connections  required  to  cause  rupture 
and  loss  of  contents.  Rupture  may  occur  with  or  without  sliding  and/or  overturning. 
Loss  of  contents  may  also  result  from  sliding  which  is  sufficient  to  rupture  pipe  con¬ 
nections.  Damage  may  range  from  light  to  severe  depending  upon  the  extent  of  rupture 
of  the  shell  and  the  resultant  loss  of  contents.  Damage  in  this  test  was  expected  to 
range  from  light  to  severe  with  possibly  an  example  of  moderate  damage  between  the 
extremes. 

For  purposes  of  this  test  of  small  tanks,  light  damage  is  defined  as  damage  suf¬ 
ficient  to  cause  slow  or  small  leakage,  while  severe  damage  is  associated  with  rupture 
which  causes  immediate,  complete  loss  of  contents.  Moderate  damage  lies  between 
these  two  extremes.  It  should  be  noted  that  even  light  damage,  as  defined,  may  be 
associated  with  very-large  distortion  of  the  shell.  It  was  believed,  prior  to  this  test, 
that  severe  damage  could  occur  without  overturning;  now  it  is  believed  this  will  apply 
only  to  large  tanks .  Small  tanks  may  overturn,  spill  contents  and  be  severely  damaged. 
For  the  purpose  of  this  test,  it  was  intended  to  lim4*  extreme  damage  to  that  resulting 
from  failure  of  structural  components  and  rigid-body  transiailcn.  An  attempt  was  made 
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to  avoid  overturning  in  locating  the  tanks ,  since  it  was  felt  that  the  damage  associated 
with  overturning  would  mask  the  modes  of  failure  caused  by  the  other  types  of  failure. 
For  the  filled  tanks  tasted,  it  was  anticipated  that  severe  damage  oould  be  achieved  at 
loadings  less  than  those  associated  with  overturning.  For  the  purpose  of  this  test, 
three  welded  tanks  were  located  where  sever,  moderate,  and  light  damage  were  antici¬ 
pated.  In  addition  one  filled,  bolted  tank  of  standard  Army  design  was  located  so  as  to 
receive  severe  damage. 

2.3  LOADING  CONSIDERATIONS 

i 

All  loading  calculations  were  based  on  the  specified  pretest  conditions  for  Shot  12 
of  Teapot,  i.  e.  a  height  of  burst  of  400  feet  and  a  yield  of  28  KT.  For  the  damage  de¬ 
sired,  all  of  the  tanks  were  located  in  a  region  of  strong  precursor  action.  The  place¬ 
ment  of  the  tanks  was  seriously  hampered  by  the  paucity  of  Information  on  the  forces  in 
the  precursor  region.  However,  the  horizontal  loadings  were  predicted  by  a  method 
developed  for  preoursor  loading  by  the  Armour  Research  Foundation  in  Reference  2. 
Essentially,  the  net  horizontal  loads  which  are  based  on  the  results  obtained  from 
Structure  3. It  in  Shot  10  of  Upshot-Knothole  are  given  in  terms  of  the  drag  coefficient, 
Cd,  and  idealized  surface  dynamic  pressure,  P^.  The  loading  is  shown  schematically 
in  Figure  2.1.  It  should  be  pointed  out  that  this  loading  scheme  was  at  best  an  approxi¬ 
mation  based  on  the  Upshot-Knothole  results,  but  that  it  represented,  at  the  time,  the 
best  available  estimate.  For  the  net  horizontal  loading  on  the  tanks,  a  drag  coefficient 
of  0.35  was  used  and  the  idealized  surface  peak  dynamic  pressures  were  obtained  from 
Reference  3- 


Flgure  2.1  Schematic  loading  scheme  in  a  preoursor. 

The  vertical  loadings  in  precursor  regions  are  equally  uncertain.  For  these  com¬ 
putations,  the  ratio  of  the  maximum  vertical  pressure  to  the  peak  free  stream  pressure 
was  assumed  to  be  constant.  This  assumption  was  based  on  rather  Inconclusive  evidence 
from  Project  3.1  in  Shot  10  of  Upshot-Knothole.  This  ratio  varied  from  approximately 
0.38  (for  an  overpressure  of  50  psi)  to  0.72  (for  an  overpressure  of  8  psi).  For  lack 
of  more  detailed  information,  the  vertical  pressures  were  assumed  to  be  approximately 
50  percent  of  the  free-stream  pressure. 

Both  the  net  horizontal  and  the  vertical  loadings  were  believed  to  be  the  best  avail¬ 
able  load  predictions.  Subsequently,  alternate  values  for  the  dynamic  pressure  which 
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were  significantly  different  became  available.  Reference  is  made  to  those  included  in 
Reference  4.  The  values  suggested  by  this  source  for  dynamic  pressures  over  the  desert 
were  twice  the  ideal  values  as  used  In  the  load  prediction  scheme  disoussed  above.  It 
was  felt  that  on  the  basis  of  the  data  available  at  the  time  that  there  was  not  sufficient 
justification  for  modifying  the  ideal  dynamic  pressures  by  a  factor  of  two  instead  of  using 
the  ideal  dynamic  pressures  directly. 

The  estimation  of  dynamic  pressures  in  a  precursor  region  under  ideal  conditions, 
l.e.  for  a  rigid  reflecting  surface,  has  theoretical  justification  (see  Reference  5).  The 
data  on  dynamic  pressures  from  Upshot-Knothole  for  a  dusty  precursor  were  quite  frag¬ 
mentary,  with  a  number  of  questions  Involved  in  their  interpretation.  This  experimental 
information  indicated  that  the  dynamic  pleasures  were,  if  anything,  higher  than  ideal 
values.  However,  experience  in  several  past  tests  has  indicated  many  variances  between 
preshot  effects  estimates  and  actual  test  results.  Thus,  in  order  to  assure  at  least  the 
desired  response ,  it  was  deoided  not  to  use  the  dusty  precursor  predictions  but  to 
use  the  curves  of  Reference  5  instead.  If  dynamic  pressures  were  to  depart  from  ideal, 
it  was  desired  that  the  damage  sustained  by  the  tanks  be  greater  than  predicted. 

This  situation,  regarding  dynamic  pressures,  illustrates  the  inaccuracies  Involved 
in  the  horizontal  loading  calculations.  Large  inaccuraoies  could  also  be  introduced  by 
the  assumption  regarding  the  drag  coefficient  since  very  little  data  were  available  on 
drag  coefficient  for  cylinders  of  short  length.  The  highly  approximate  nature  of  the 
vertical  loading  considered  was  discussed  earlier.  It  was  not  possible  to  determine  the 
aoouraoy  of  the  method  of  load  calculations  used,  but  it  is  apparent  that  very-large  errors 
are  possible  for  the  various  reasons  cited  above. 


2.4  RESPONSE  CONSIDERATIONS 

2.4.1  Introduction.  Based  on  the  load  predictions  given  in  the  previous  section, 
studies  were  undertaken  to  determine  locations  for  the  tanks.  One  approach  in  design¬ 
ing  a  tank  test  is  to  place  the  tanks  in  accordance  with  the  extreme  variations  possible 
in  the  load-prediction  scheme  and  in  the  method  of  analysis,  i.e.  one  tank  would  be 
located  so  that  severe  damage  would  be  guaranteed  for  any  possible  variations  in  load¬ 
ing,  a  second  tank  would  be  located  so  that  no  more  than  light  damage  would  occur,  and 
additional  tanks  would  be  located  at  intermediate  positions.  For  an  unlimited  number  of 
tanks,  this  approach  would  certainly  be  used,  since  it  would  provide  a  bracket  for  any 
type  of  damage  of  interest  as  well  as  data  for  the  full  range  of  possible  damage.  This 
system  may  result,  of  course ,  in  a  large  portion  of  the  tanks  being  either  undamaged  or 
totally  destroyed.  With  only  one  tank  available  for  intermediate  location  as  in  this  test, 
it  appeared  doubtful  if  useful  data  could  be  expected  using  the  above  described  method 
of  positioning. 

It  was  decided,  therefore,  to  try  to  bracket  the  ranges  where  one  would  achieve  tne 
type  of  damage  of  greatest  interest.  The  greatest  target  interest  is  in  the  region  of  se¬ 
vere  damage  in  order  to  attain  complete  loss  of  contents.  This  required  the  placing  of 
the  available  tanks  in  a  pressure  region  where  the  loading  was  sufficient  to  cause  sliding 
and  associated  severe  damage. 

Because  of  the  limited  number  of  tanks  available,  it  was  decided  to  locate  the  test 
tanks  in  accordance  with  the  specific  loading  scheme  previously  described.  Assuming 
that  the  loading  soheme  is  correct,  this  approach  should  yield  the  desired  bracket  of 
substantial  damage.  Even  if  errors  were  present  in  this  loading  scheme,  it  was  be¬ 
lieved  that  at  least  some  useful  information  would  still  be  obtained  from  the  test.  The 
loadings  selected  had  the  advantage  of  representing  what  was  believed  to  be  a  minimum 
if  the  loadings  differ  from  those  predicted.  This  particular  situation  insured  that,  if 
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the  predicted  loadings  were  not  realised,  the  damage  would  exceed  that  anticipated.  If 
the  desired  bracket  of  damage  were  not  achieved  because  of  errors  in  load  prediction, 
this  would  guarantee  that  useful  test  data  relating  to  extreme  damage,  where  interest  is 
paramount,  would  still  be  obtained. 


2.4.2  Tank  Response.  Since  analytioal  means  of  treating  plastic  failure  of  tank 
shells  are  not  available  or  at  least  are  not  realistic,  no  attempt  was  made  to  study  failure 
related  to  this  manner  of  response.  Instead,  failure  resulting  from  movement  of  the 
tank  and  contents,  treated  as  a  rigid  body,  was  studied.  It  was  expected  that  calculations 
of  response  of  this  type,  combined  with  consideration  of  the  results  of  the  previous  test 
of  tanks  in  Project  3.26.1  of  Upshot-Knothole  (Reference  1),  would  provide  reallstio  dis¬ 
tances  for  locating  the  tanks  in  this  test.  All  calculations  of  response  were  based  on 
tanks  80-peroent  filled  with  water. 

The  first  mode  of  failure  considered  was  that  at  which  the  tank  would  start  to  over¬ 
turn  as  a  rigid  body  about  one  edge  (see  Figure  2.2).  When  considering  overturning,  it 
was  felt  that  only  the  initiation  of  overturning  was  of  interest,  since  failure  of  the  tank 
bottom  would  be  expected  with  very  small  movements.  Computations  showed  that  a 
slight  uplift  of  the  ground-zero  side  of  the  tanks  would  occur  if  the  filled  tanks  were 
placed  at  approximately  1,000  feet  from  gound  zero,  nils  calculation  of  the  incipient 
uplift  was  based  on  the  resistance  to  overturning  provided  by  the  weight  of  the  tank,  the 
weight  of  water,  and  the  assumed  vertical  loading.  Incipient  overturning  would  be  asso¬ 
ciated  with  the  predicted  peak  horizontal  loading. 


The  equation  of  motion  is:  ~  H  (t)*I0  +  3 

2  2 

Where:  h  ■  height  of  tank. 

H(t)  -  net  horizontal  force  acting  on  tank 

as  a  function  of  the  time. 

t  “  time. 

I  -  moment  of  Inertia  of  tank  and 

oontents  about  A. 

0  m  angular  displacement  as  shown. 

•*  d*e 


dti 


r,  angular  acceleration. 


V(t)  -  net  vertical  forces  acting  on  tank  and 
oontents  as  a  function  of  time. 

W  -  weight  of  tank  and  oontents. 
d  -  diameter  of  tank. 
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The  second  type  of  rigid-body  motion  considered  was  sliding  due  to  the  horizontal 
foroes  (see  Figure  2.8).  Sliding  is  resisted  by  frlotlonal  forces  developed  between  the 
bottom  of  the  tanks  and  the  sand.  This  resistance  is  dependent  upon  the  coefficient  of 
friction  and  on  the  vertical  foroes  between  the  tank  and  sand.  Hie  vertioal  foroes  con¬ 
sist  of  weight  of  the  tank,  the  weight  of  the  water,  and  the  vertical  blast  loading.  In¬ 
cipient  sliding  would  be  associated  with  the  peak  horizontal  loading.  For  any  test,  the 
frlotlonal  resistance  between  the  tank  and  sand  is  highly  uncertain.  If  movement  ooours, 
the  tank  might  dig  into  the  sand  and  thereby  be  restrained  from  further  sliding;  in  effect, 
the  coefficient  of  friction  would  be  increased.  If  the  coefficient  of  friotlon  is  assumed 
to  be  unity,  sliding  would  occur  at  distances  from  ground  zero  of  less  than  1,300  feet. 

If  the  coefficient  of  friotlon  is  0.5,  the  dlstanoe  Increases  to  approximately  1,600  feet. 
There  is  no  practical  method  for  prediction  of  sliding,  plowing  up  of  a  ridge,  and  over¬ 
turning  about  the  ridge  as  a  fulcrum. 


H(t) 


V(t) 


.  f[W+V(tI 
'W+V(t) 


Figure  2.3  Sliding  of  tank. 


The  equation  of  motion  is: 


—  X+f  [W+V(t»  =H(t) 
2 


Where:  H(t)  = 

W  = 
V(t)  = 

2  “ 
X  = 

X  = 

f  « 

t  - 


net  horizontal  force  acting  on  tank 
as  a  function  of  the  time, 
weight  of  tank  and  contents, 
net  vertioal  foroes  acting  on  tank 
and  contents  as  a  function  of  time, 
acceleration  due  to  gravity, 
horizontal  displacement  as  shown. 
d*x 

,  horizontal  acceleration. 

coefficient  of  friction,  horizontal 
resistance  per  unit  of  oontact 
pressure, 
time. 


Let  us  consider  the  factors  governing  one  type  of  rigid-body  motion,  1.  e. ,  sliding. 
Assume  two  identical  tanks,  one  filled  of  mass  Mf,  and  one  empty  of  mass  Mg.  Dis¬ 
placement,  A,  is  a  function  of  the  applied  force,  F,  and  the  mass,  or: 

Ae  ~  ^  Af  ~  TS  (2.1) 

Therefore,  under  the  same  loading  foroe,  Ag  will  be  greater  than  Af  since  Mf  is  greater 
than  Me,  and  thus,  the  degree  of  filling  has  a  profound  effect  upon  the  response. 
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In  Project  3.26.1,  Upshot-Knothole,  a  number  of  petroleum  storage  tanks  were 
tested  In  Shots  9  and  10.  It  Is  difficult  on  the  basis  of  these  tests  to  arrive  at  quantita¬ 
tive  data,  but  they  do  provide  some  qualitative  information  for  guidance  on  tank  location. 
In  Table  2.1,  the  location,  overpressures,  and  damage  to  the  tanka  tested  in  Upshot- 
Knothole  are  given. 


TABLE  1.1  TANK  DAMAGE)  PROJECT  1.16.1,  UPSHOT-KNOTHOLE 


Shot 

Tank  Construction 

Range  Overpressure 

Wall  Damaga 

feet 

pel 

9* 

Welded 

1,99ft 

19 

Ho  damn* 

6,565 

4 

Ho  damaca 

9,210 

9 

No  damaca 

16,000 

1 

Nodamaaa 

Bolted 

9,660 

9 

right  damage 

9,220 

9 

Ho  damaca 

lot 

Welded 

1,640  X 

12 

Completely  demolished 

6,600 

2 

Signs  that  overturning 

had  atarted 

9,106 

1 

No  damage 

14,920 

0.7 

No  damage 

Bolted 

4,010 

5 

Increase  In  damage  re- 

suiting  from  Shot  9 

9,110 

1 

No  damaca 

*  All  tanka  In  Shot  9  were  filled  with  water  to  a  depth  of  7  feet, 
t  All  tanka  in  Shot  10  were  empty. 

X  Located  in  region  of  p recur eor  action. 


For  purposes  of  the  present  test,  It  was  desired  to  looate  one  welded  tank  In  a  re¬ 
gion  where  light  damage  was  anticipated.  In  Shot  9,  no  damage  to  a  70-percent  filled 
tank  was  observed  at  a  minimum  distance  of  1,995  feet,  bo  It  was  apparent  that  heavier 
loading  conditions  are  required  for  light  damage.  It  is,  of  course,  not  possible  to  de¬ 
termine  the  precise  increase  in  loading  required  to  produce  light  damage.  In  this  test 
assuming  no  precursor,  similar  loading  conditions  for  which  no  damage  should  occur 
would  be  expected  at  approximately  2,300  feet.  Damage  to  empty  tanks  is  not  indicative 
of  damage  to  be  expected  for  filled  tanks;  therefore,  the  Upshot-Knothole  Shot  10  results 
are  not  applicable.  One  of  the  two  filled  bolted  tanks  tested  in  Upshot-Knothole  Shot  9 
received  light  damage  at  3,560  feet;  the  other  tank  at  a  greater  distance  was  undamaged. 
These  observations  provide  a  limiting  distance  for  light  damage  to  a  filled  bolted  tank 
in  the  absence  of  a  precursor,  but  furnish  little  guidance  for  locating  such  a  tank  for  the 
severe  damage  desired  in  the  present  test. 
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Chopter  3 

PROCEDURE 


Four  petroleum  storage  tanks  which  had  remained  substantially  undamaged  during 
Projeot  3.26.1,  Upshot-Knothole,  were  used  for  this  test.  The  tanks,  which  remained 
at  the  Nevada  Test  Site,  were  simply  relocated  for  thlB  project.  Since  only  the  response 
of  the  tack  shells  was  of  Interest,  it  was  not  considered  essential  to  restore  the  roofs 
of  the  tanks.  All  the  tanks  for  this  test  were  80-percent  filled  with  water.  During 
Upshot-Knothole,  a  total  of  six  tanks,  four  welded  steel  tanks  and  two  bolted  steel  tanks 
of  standard  Army  design,  were  tested  on  both  Shots  9  and  10.  On  Shot  9  the  tanks  con¬ 
tained  7  feet  of  water;  on  Shot  10  the  tanks  were  empty.  The  results  of  these  tests  were 
discussed  briefly  in  Section  2.4.2.  For  details  of  these  tests,  Bee  Reference  1.  It  was 
decided  to  make  use  of  the  existing  undamaged  tanks  to  obtain  as  much  information  as 
possible  with  minimum  expense.  Obviously,  more-complete  response  data  could  be 
obtained  by  testing  tanks  of  different  sizes  and  wall  thicknesses,  but  such  tanks  were 
not  readily  available. 

3.1  GROUND  RANGES 

In  looatlng  the  four  tanks  for  this  project,  it  was  necessary  to  consider  the  damage 
desired  for  each  tank.  As  previously  stated  in  Section  2.4.1,  it  was  desired  to  place  all 
the  tanks  at  ranges  where  damage  would  occur.  Since  light  damage  to  a  filled  bolted 
tank  had  been  obtained  in  Upshot-Knothole,  it  was  desired  in  this  test  to  obtain  informa¬ 
tion  about  severe  damage  to  such  a  tank.  For  the  three  filled  welded  tanks,  it  was  de¬ 
sired  to  obtain  a  gradation  of  damage,  with  certainty  of  severe  damage  to  at  least  one. 

Using  the  results  of  the  prior  tests  and  the  analytical  approximations ,  it  was  pos¬ 
sible  to  designate  locations  for  the  tanks  in  this  test.  It  should  be  understood  that  this 
positioning  represents  only  an  estimate  based  on  the  approximate  methods  of  analysis , 
limited  experimental  results,  and  an  estimate  of  the  anticipated  loading.  These  studies 
furnished  the  information  by  means  of  which  the  tank  locations  were  selected.  Details 
of  these  considerations  are  given  in  Section  2.4.2.  It  was  estimated  that  the  inception 
of  overturning  would  occur  at  a  distance  of  approximately  1,000  feet  from  ground  zero. 
Since  the  nearest  filled  tank  to  ground  zero  in  Operation  Upshot -Knothole,  located  at 
1,  995  feet,  sustained  no  damage  from  a  high-burst  device,  and  since  the  empty  tank, 
located  at  1,640  feet,  was  completely  demolished  from  the  effects  associated  with  the 
precursor  of  a  low-burst  device,  it  seemed  logical  to  expect  that  a  filled  tank  would 
sustain  no  damage  at  a  distance  of  2,300  feet  from  the  proposed  low-burst  weapon,  at 
which  range  the  precursor  effects  would  have  terminated.  It  was  expected  that  in¬ 
itiation  of  rigid-body  sliding  of  the  tanks  would  occur  at  distances  less  than  1,300  to 
1,600  feet  from  ground  zero. 

Based  on  these  estimates  of  limiting  ranges ,  it  was  possible  to  locate  the  tanks 
where  the  desired  damage  was  expected.  For  the  bolted  tank,  where  severe  damage 
was  desired,  a  range  of  1,200  feet  was  selected.  At  this  location  several  feet  of 
rigid-body  sliding  without  or  prior  to  overturning  was  anticipated.  Severe  distortion 
and  rupture  of  the  tank  shell  also  were  expected.  The  locations  selected  for  the  three 
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welded  tanks  were  at  ranges  of  1,350,  1,500,  and  2,100  feet.  The  two  closest  locations 
were  selected  for  the  purpose  of  obtaining  severe  damage  or  at  least  moderate  damage. 
In  these  locations  a  small  amount  of  rigid-body  sliding,  without  overturning  was  antici¬ 
pated.  Severe  distortion  and  rupture  of  these  tanks  also  were  expected.  The  location 
of  the  third  welded  tank  at  2,100-foot  range  was  selected  to  obtain  light  damage.  It  was 
anticipated  that  light  damage  would  ocour  at  200  feet  less  than  the  2,300-foot  range  at 
which  no  damage  would  be  expected.  Table  3.1  shows  these  distances  together  with  an 
identification  symbol  for  the  tank  at  each  ground  range. 


TABLE  3.1  SUMMARY  OF  TANK  DIMENSIONS,  LOCATIONS,  AND  DYNAMIC  PRESSURE,  TEAPOT 


Item 

Identification 

Height* 

Diameter 

Ground  Reage  t 

AFSWPf 

Predicted  Dynemlo 

Preeeure 

Obeervedl 

Peek  Dynemlo 

Preeeure 

feet 

feet 

feet 

3.9a-l 

Bolted  Steel  Tick 

8 

15.5 

1,200 

190 

200 

3.9b-l 

Welded  Steel  Teak 

10 

15.0 

1,350 

115 

125 

3.9b-2 

Welded  Steel  Teak 

10 

15.0 

1,500 

76 

90 

3. 9b-3 

Welded  Steel  Teak 

10 

15.0 

2,100 

20 

30 

*  All  teake  were  SO  percent  filled  with  water, 
t  Tanka  were  located  on  the  deaert  aeotor  only. 

t  Taken  from  letter,  "Eatl mated  Free  Field  Effeota  Parametere  for 
Met  Shot" ,  20  October  1334,  Headquarters,  Field  Command,  Armed 
Forcei  Special  Weapons  Project 

I  Taken  from  Summary  Report  of  the  Technical  Dlreotor,  Programs 

1-S,  mi— 1153. 


3.2  CONSTRUCTION 

3.2.1  Welded  Tanks.  The  tanks  were  originally  completed  with  roofs.  They 
measured  15  feet  in  diameter  by  10  feet  in  height.  For  this  project,  only  the  sides 
and  bottom  were  used.  Both  the  sides  and  bottom  were  of  %-inch  welded  steel  plate. 
All  joints  were  butt-welded.  No  special  foundations  were  used;  the  sites  were  graded 
smooth  and  the  tanks  were  placed  on  the  desert  surface.  No  restraints  were  used.  A 
preshot  photograph  of  one  of  these  tankB  is  given  in  Figure  3.1.  These  tanks  were  filled 
with  water  up  to  a  height  of  8  feet. 

3.2.2  Bolted  Tank.  This  tank  was  a  standard  Army  storage  tank,  of  bolted  con¬ 
struction,  15.5  feet  in  diameter  and  8  feet  high.  The  tank  was  set  In  place  without 
special  foundations  in  the  same  way  as  the  welded  tanks,  and  was  filled  with  water 
up  to  a  height  of  approximately  6*4  feet.  A  preshot  photograph  of  this  tank  is  given 
in  Figure  3.2. 

3.3  PHOTOGRAPHY 

No  motion-picture  photography  was  employed  during  the  tests.  Photographic  ob¬ 
servations  were  limited  to  still  photographs  before  and  after  the  tests. 

3.4  INSTRUMENTATION 

No  instrumentation  was  used  on  the  tanks  themselves.  It  was  expected  that  the 
actual  overpressures  and  dynamic  pressures  with  directional  components  would  be 
available  from  Program  1  basic  blast  measurements. 
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Figure  3.1  Typical  view  of  3.9b  tank,  preshot. 


Figure  3.2  Typical  view  of  3.9a-l  tank,  preshot. 
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Chopter  4 

RESULTS 


All  four  tanks  received  extensive  damage  in  this  test.  A  detailed  description  of 
the  damage  to  each  tank  is  contained  in  the  following  sections.  As  a  result  of  Shot  9, 
Upshot-Knothole,  the  model  roofs  on  the  three  welded  tanks  collapsed  into  the  tanks  in 
the  form  of  debris .  This  debris  was  not  removed  but  remained  within  these  tanks 
during  the  re-test  at  Teapot.  By  observing  the  locations  where  the  ground  furrowed, 
where  the  roof  debris  landed,  and  where  the  water  puddled,  the  order  and  manner  of 
tank  response  could  be  traced.  The  roof  debris  provided  corroborative  evidence  for 
ascertaining  where,  during  the  tank  motion,  the  loss  of  contents  occurred. 

4.1  BOLTED  TANK,  3.9a-l 

One  bolted  tank,  with  roof  Intact,  was  located  at  a  distance  of  1,200  feet  from 
ground  zero  in  a  predicted  high-pressure  region  where  severe  damage  was  expected. 

The  blast  force  tore  out  the  base-ring  bolts  at  about  the  same  time  that  the  siding  bolts 
failed.  This  released  the  water;  the  roof  tore  loose  at  the  fastenings  and  was  carried 
390  feet  downrange  from  ground  zero.  The  tank  bottom  remained  in  place;  the  wall  was 
flattened  on  the  ground  Immediately  adjacent  to  the  bottom  with  a  minor  portion  of  it 
still  attached.  In  this  Instance,  structural  failure  occurred  before  the  tank  could  re¬ 
spond  as  a  rigid  body  (see  Figure  4.1). 

This  is  an  example  of  the  type  of  failure  sought  in  the  second  objective — failure  of 
shell  without  rigid-body  motion.  The  tank  waB  demolished.  It  is  not  possible  from  this 
test  alone  to  estimate  the  maximum  distance  at  which  severe  damage  to  bolted  tanks 
would  have  been  obtained. 

4.2  WELDED  TANK,  3.9b-l 

The  nearest  of  the  three  welded  tanks  was  located  at  1,350  feet  from  ground  zero 
in  a  region  where  severe  damage  was  expected.  The  blast  force  tore  the  wall  loose 
from  the  base  and  folded  up  the  sides  of  the  tank  bottom.  The  wall  of  the  tank  although 
severely  distorted,  remained  in  one  piece  and  was  blown  approximately  165  feet  down- 
range  from  ground  zero.  The  tank  may  have  slid  a  few  feet  before  the  walls  were  torn 
loose ;  the  tank  bottom  and  old  roof  debris  were  found  20  feet  obliquely  from  the  original 
location.  The  contents  were  released  on  or  near  the  original  location  (see  Figure  4.2). 

This  constitutes  another  example  of  the  second  objective,  failure  of  the  shell  with¬ 
out  rigid-body  motion.  Moreover ,  this  experience  probably  demonstrates  the  onset  of 
the  third  objective,  the  region  for  sliding  and  possible  overturning. 

4.3  WELDED  TANK,  3.9b-2 

The  second  welded  tank  was  located  at  a  distance  of  1,500  feet  from  ground  zero 
In  a  region  where  severe  or  at  least  moderate  damage  was  expected.  The  tank  and 
about  10  feet  as  a  rigid  body,  pushed  up  a  pile  of  dirt,  and  overturned;  the  wall-to-baae 
connection  was  partially  torn.  The  water  and  old  roof  debris  were  released  over  a 
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Figure  4.1  Postshot  view  of  3.9a-l,  .1,200  feet  (looking  away  from  ground  zero). 


Figure  4.2  Postshot  view  of  3.9b-l,  1,350  feet  (looking  toward  ground  zero). 
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Figure  4.3  Postshot  view  of  3.9b-2,  1,500  reet  (looking  away  from  ground  zero). 


50-foot  distance  where  the  tank  struck  the  ground.  The  empty  shell  (wall  and  bottom) 
was  then  carried  approximately  160  feet  downrange  from  ground  zero.  The  shell  was 
severely  distorted  and  the  metal  was  tom  throughout  a  large  portion  of  the  wall-to-base 
connection  (see  Figure  4.3). 

This  is  an  incident  illustrative  of  the  type  of  damage  sought  in  the  third  objective, 
to  determine  in  what  pressure  region  these  tanks  would  slide,  possibly  overturn,  and 
rupture. 

4.4  WELDED  TANK,  3.9b-3 

The  third  welded  tank  was  located  at  a  distance  of  2,100  feet  from  ground  zero  in 
a  region  where  light  damage  was  expected.  The  tank  slid  about  7  feet,  pushed  up  a 
pile  of  dirt,  and  overturned  about  this  point,  rotating  about  three-quartars  of  a  revo¬ 
lution.  Marks  on  the  ground  indicated  that  the  top  portion  of  the  side  away  from  ground 
zero  struck  the  ground  during  rotation.  The  tank  came  to  rest  45  feet  from  its  original 
position,  and  was  resting  on  that  side  which  originally  faced  ground  zero.  Damage  to 
the  tank  consisted  of  crushing  of  the  side  which  faced  ground  zero,  with  minor  distor¬ 
tion  of  the  remainder  of  the  wall.  The  bottom  of  the  tank  was  slightly  bulged  outward. 

It  appeared  that  the  tank,  despite  the  distortion,  would  be  water  tight.  Contents  of  the 
tank  were  lost  during  the  rotation  of  the  tank  (see  Figure  4.4). 

At  this  2,100-foot  position,  it  was  anticipated  that  the  fourth  objective  would  be 
demonstrated,  i.e.  tank  sliding  without  either  overturning  or  rupture,  but  with  suffi¬ 
cient  force  to  rupture  pipe  connections  and  thereby  cause  loss  of  contents.  While  the 
rigid-body  response  obtained  was  greater  than  sought,  a  check  point  of  considerable 
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Figure  4.4  Postshot  view  of  3.9b-3,  2,100  feet  (ground  zero  to  right) . 

valuB  was  established  for  target  analysis  of  small  tanks.  This  damage  incident  dis¬ 
closed  that  it  is  possible  to  overturn  a  small  tank  and  spill  the  entire  contents  without 
destroying  the  utility  of  the  tank.  This  is  believed  to  be  impossible  in  the  case  of  large 
tanks.  In  this  test  there  were  no  pipe  connections.  Had  the  tank  tested  been  realistical¬ 
ly  connected  with  piping,  additional  restraint  would  have  been  provided,  tending  to  re¬ 
duce  sliding  and,  therefore,  overturning. 
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Chapter  5 

DISCUSSION 


Although  damage  at  all  ranges  was  generally  more  extensive  than  expected,  a  con¬ 
siderable  amount  of  useful  Information  has  been  obtained  from  this  test  for  target  analy¬ 
sis  purposes.  In  faot,  the  tanks  at  the  two  closer  ranges  (1,200  and  1,350  feet)  demon¬ 
strated  the  type  of  damage  one  would  expect  In  large  tanks,  1.  e.  rupture  of  the  shell 
directly  by  blast  rather  than  by  rigid-body  motion. 

The  welded  tank  at  1,500  feet  provided  a  pattern  of  response  for  that  region  in  which 
rigid-body  motion  of  small  tanks,  with  associated  rupturing,  can  be  expected  to  occur. 
Fundamentally,  such  response  holds  considerable  target  Interest  for  small  storage  tanks 
because  the  usefulness  of  the  tanks,  as  well  as  the  contents,  is  destroyed. 

The  response  of  the  welded  tank  at  2,100  feet  indicated  that  It  was  a  little  closer  to 
ground  zero  than  the  region  In  whloh  simple  sliding  without  overturning  or  rupturing 
would  have  occurred.  Since  the  precursor  effect  probably  did  not  exist  much  beyond 
2,500  feet  from  ground  zero,  the  pressures  there  probably  were  less  than  those  required 
for  simple  sliding.  Small  tanks  probably  would  have  been  overturned,  or  at  least  would 
have  slid  sufficiently  to  break  pipe  connections  and  oause  complete  loss  of  contents  to  a 
distance  of  about  2,300  feet.  The  tanks  at  1,500  and  2,100  feet  bracketed  the  region  where 
a  small  filled  tank  would  be  overturned  and  destroyed  under  the  test  conditions. 

As  previously  indicated,  almost  nothing  was  known  prior  to  this  test  about  the  kind 
of  response  one  could  expect  at  any  given  distance.  There  were,  moreover,  no  data 
available  which  oould  serve  as  a  basis  for  predicting  rupture  of  the  shells  of  small  tanks. 
Finally,  there  were  no  data  available  upon  which  to  base  a  prediction  of  sliding  and  over¬ 
turning,  with  or  without  rupture  occurring.  In  the  light  of  these  facts,  it  is  believed  that 
the  test  was  of  some  success  and  will  be  useful  as  a  source  of  data  on  small  tanks. 

Recent  calculations  have  shown  that  the  pressure  ranges  at  which  overturning  and 
sliding  would  be  predicted  will  vary  considerably  depending  upon  the  assumed  values  for 
coefficients  of  drag  and  frlotlon.  The  loading  and  response  considerations  which  led  to 
the  placement  of  the  tanks  In  this  test  were  based  upon  values  for  drag  and  dynamic  fric¬ 
tion  coefficients  whloh  have  been  assumed,  due  to  the  small  amount  of  guidance  whloh  was 
available  to  permit  acourate  choice  of  these  values. 

It  is  of  interest  to  note  that  overturning  analyses  carried  out  on  the  welded  tank  at 
2,100  feet  employing  the  post-test  value  of  the  dynamic  pressure  (42  psl)  obtained  from 
the  10-foot  high  q-gage,  Indicate  that  no  overturning  should  be  expected  from  a  drag 
coefficient  of  0.35  and  for  the  same  approximations  as  to  the  magnitude  of  the  vertical 
loads.  Actually,  a  dynamic  pressure  of  approximately  60  psl  would  have  been  required 
to  cause  incipient  overturning  under  the  conditions  cited. 
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Chapter  6 

CONCLUSIONS 


Although  a  paucity  of  data  on  large  tanks  still  exists,  there  is  now  available  a  lim¬ 
ited  test  of  damage  to  small  filled  tanks.  At  least  under  Nevada  soil  conditions  and  the 
weapon  size  and  height  of  burst  employed,  the  following  are  known:  (1)  a  combination 
of  overpressure  and  drag  pressure  which  will  rupture  filled  tanks  of  this  size  and  shell 
thickness,  without  rigid-body  motion;  (2)  a  combination  of  overpressure  and  drag  pres¬ 
sure  which  will  cause  sliding,  overturning,  and  rupturing  of  such  tanks;  and  (3)  the  re¬ 
gion  in  which  such  tanks  would  slide  without  overturning  or  rupturing  but  with  sufficient 
force  to  break  pipe  connections  and  oause  loss  of  contents.  It  should  be  possible  to  cor¬ 
relate  the  observed  damage  and  basic  field  data  with  such  theories  of  plastic  response 
as  may  be  developed  in  the  future  and  to  design  a  successful  test  experiment  of  large 
tanks,  using  thorough  instrumentation  and  motion  pioture  photography. 

Pending  results  of  tests  of  large  tanks,  it  will  be  possible  to  make  only  rough  esti¬ 
mates  of  pressures  required  for  rupturing  the  walls  of  such  tanks.  The  desired  objec¬ 
tives  on  response  of  liquid  storage  tanks  only  partially  attained  in  Project  3.26.1,  Upshot- 
Knothole  have  now  been  explored  to  the  limited  extent  possible  using  small  tanks. 
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D.C.  ATTN:  Bio.  Def.  Br.,  Pre.  Med.  Div. 

114  Asst.  Chief  of  Staff,  Intelligence,  Headquarters,  U.S. 

Air  Forces  Europe,  APO  633 ,  Nev  York,  N.Y.  ATTN: 
Directorate  of  Air  Targets 

115  Cosmander,  497th  Reconnaissance  Technical  Squadron 

(Augmented),  APO  633 ,  Nev  York,  N.Y. 

116  Conmander,  Far  East  Air  Forces,  APO  9^5>  San  Ft.inciaco, 

Calif.  ATTN:  Special  Asst,  for  Damage  Control 

117  Cocmander- in-Chief ,  Strategic  Air  Connand,  Offu.t  -  Air 

Force  Base,  Omaha,  Nebraska.  ATTN:  Special  Weapons 
Branch,  Inspector  Div.,  Inspector  General 
nfl  Commander,  Tactical  Air  Coonand,  Iangley  AFB,  Va. 

ATTN:  Documents  Security  Branch 
no  Comaander,  Air  Defense  Commend,  But  AFB,  Colo. 

120-121  Research  Directorate,  Headquarters,  Air  Force  Special 
Weapons  Center,  Kirtland  Air  Force  Base,  Nev  Mexico. 
ATTN:  Blast  Effects  Research 

122  Assistant  Chief  of  Staff,  Installations,  Headquarters, 

USAF,  Washington  25,  D.C.  ATTN:  AFC  IE- E 

123  Commander,  Air  Research  and  Development  Coonand,  F0 

Bax  1395,  Baltimore,  Md.  ATTN;  RDEW 

124  Comotnder,  Air  Proving  Ground  Coonand,  Eglin  AFB,  Fla. 

ATTN:  AdJ  ./Tech.  Report  Branch 
125-126  Director,  Air  University  Library,  Mexvell  AFB,  Ala. 
127-134  Commander,  Flying  Training  Air  Force,  Waco,  Tex. 

ATTN:  Director  of  Observer  Training 
135  Cocnander,  Crev  Training  Air  Force,  Randolph  Field, 

Tex.  ATTN:  20TS,  DCS/o 

13/^137  Co— andant,  Air  Force  School  of  Aviation  Medicine, 
Randolph  AFB,  Tax. 


136-143  Co— anrter,  Wright  Air  r>itrelopax.<nt  Center,  Vri  iht- 
Patterson  AFB,  Deytoi,  0.  A“T,N:  VC 081 
144-143  Co— ender,  Air  Force  Ca*ibridg«  Research  Cr.  .iwr,  iO 
Hans  coo  Field,  Bedfo/  l,  Mm  *  ,  ATTN:  CRQi!  ' 

146-148  Co— ender,  Air  Force  Special  Weapons  Cento  Finland 
AFB,  N.  Max.  ATTN:  Library 

149  Coriander,  Lovry  AFB,  Duxver,  Colo.  ATTN?,  u'Misnt 

of  Special  Weapons  Training 

150  C me iidar,  1009th  Special  Squadron  Vw? « 

quarters,  USAF,  Washington  KJ,  D.C. 

151-152  The  RAND  Corporation,  1700  Mali?  Street,  Soh'  *1.  lea, 
Calif.  ATTN:  Nuclear  Energy  llvisicn 

153  Commander,  Second  Air  Force,  fturksdale  AFB,.,  L»vi,  lana. 

ATTN:  Operations  Analysis  Office 

154  Conmsnder,  Eighth  Air  Force,  Vastover  AFB,.  Mai-?.'.  ATTN: 

Operations  Analysis  Office 

155  Conmsnder,  Fifteenth  Air  Force,  March  AFB,  Calnf . 

ATTN:  Operations  Analysis  Office 

156  Commander,  Western  Development  Div.  (ARDC)  ,  Psv  But  262, 

Inglewood,  Calif,  ATTN:  WDBIT,  Mr.  R.  Cr.  Veits 
157-163  Technical  Information  Service  Intension,  Oik  .ti<hv>, 
Tenn.  (Surplus) 


OTHER  DEPARTMENT  OF  DEFENSE  ACTIVITIES 


164  Asst.  Secretary  of  Defense,  Resitwrch  and  Deve.?:;jpa«nt, 

D/D,  Washington  25,  D.C.  ATTN:  Tech.  Libras 

165  U.S.  Documents  Officer,  Office  of  the  U.S.  NkVr5.ct.s1l 

Military  Representative,  SHAP5B,  APO  55-  New  /tern, 

N.Y. 

1 66  Director,  Weapons  Systems  Evaluation  Group,  OEJ),  fan 

2E1006,  Pentagon,  V;ishington  i?5,  D.C. 

167  Armed  Services  Explosives  Safety  Board,  D/l)„  billing 

T-7,  Gravelly  Point,  Washingtim  25,  D.C* 

166  Commandant,  Armed  Forces  Staff  College,  Norf o'L':  1' 

Va.  ATTN:  Secretary 

169-174  Comnander,  Field  Cosanand,  Armed  Forces  Specie.' 

Weapons  Project,  PO  Box  5100,  Albuquerq-uv,  .1,  M  x. 
I75-I76  Commander,  Field  Conmand,  Aimed  Forces  Special 

Weapons  Project,  PO  Box  5100 ,  Albuquerque,  Mix. 

ATTN:  Technical  Training  Group 

177-187  Chief,  Armed  Forces  Special  Weapons  Project,  ogton 
25,  D.C.  ATTN:  Documents  Library  Branch 
188  Office  of  the  Technical  Director,  Directorate*  )f  If- 
facts  Tests,  Field  Command,  ATSWP,  PO  Box  57  J, 

Menlo  Park,  Calif.  ATTN:  Dr.  7s".'  B.  Doll 
189-195  Technical  Information  Service  Extension,  Oak  Fldge ,  Tenc, 
( Surplus ) 


ATOMIC  ENTOGY  COIMISSION  ACTIVITIES 


196-198  U.S.  Atomic  Energy  Comnissicn,  tClaselfl*'"  Tec  mi c;,-' 

Library,  1901  Constitution  Av» , ,  Washing  tor-  25,  J.c. 
ATTN:  Mrs.  J.  M.  O'Leary  (For  IMA) 

199-200  Los  Alamos  Scientific  Laboratory,  Report  Lib: is,ty ,  po 
Box  1663,  Los  Alamos,  N.  Mu.  ATTN:  ftelen  i^Oaai 
201-205  Sandia  Corporation,  Classified  Docua»'..i  DivJ ion, 

Sandia  Base,  Albuquerque,  N.  Hex.  A&N:  H.  J  , 

Snyth,  Jr. 

206-208  University  of  California  Radiation  la  x  rato:,/,  PO  Box 
808,  Livermore,  Calif.  ATTN:  Clovis  ti.  Cr^tf, 

209  Weapon  Lata  Section,  Technical  InforcMvion  Mri‘lcu»  Ex¬ 
tension,  Oak  Ridge,  Tenn. 

210-260  Technical  Information  Service  Eaten*;  cat;.  Oak  Vttdg-),  Tens,, 
( Surplus ) 


* 


